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GENERAL INTRCOUCTION 
Ethylene and some enzvmes gf. ethylene biosynthesis 
Ethylene, a gaseous unsaturated hydrocarbon, is a plant hormone 
that contributes to the control of growth and development (15), A 
variety of responses are attributed to ethylene and its biological 
activity and production in vegetative tissue are probably affected by 
interactions with other plant hormones (17). The production of ethylene 
by vegetative tissues of higher plants is thought to be regulated by 
auxin and is usually associated with injury, disease, changes in 
development or senescence as most healtly or uninjured tissues do not 
normally produce much ethylene (1, 15). 
1-aminocyclopropane-l-carboxylic acid (ACC) is thought to be the 
immediate precursor of ethylene in higher plants (5). The biosynthetic 
pathway for the formation of ethylene is reported to be: methionine 
(Met) —> S-adenosylmethionine (SAM) —> ACC —> ethylene (4, 16). This 
pathway has been established in a number of higher plants but lower 
plants (ferns) (7) and fungi (6) have different mechanisms of ethylene 
production. ACC synthase catalyzes the conversion of SAM to ACC and its 
activity is generally reported to be the major controlling factor in the 
production of ethylene (16), Ethylene forming enzyme (EFE) converts ACC 
to etl^lene (10). EFE is thought to be manbrane bound (3, 11) and may 
also control ethylene formation in combination with ACC synthase (9). 
The activity of ACC synthase is usually low in immature fruits and 
healthy vegetative tissue and increases during the fruit ripening 
process (15) as well as with injury (13, 14) and disease (8). 
2 
Iniw, djpçase, mâ. ethylene 
Injury is the result of transient irritation that results in 
abnormal physiological processes which damage the afflicted plant. 
Disease differs frcxn injury in that the irritation is more or less 
continuous (2), Ethylene has been implicated as a source of damage in 
many diseases but the mode of action of this hormone is not known and 
consequences of its production or presence are speculation (12). 
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SECTION I. DECREASED SPECIFIC ACT3VITÏ OF ACC SYNTHASE AND INTERFERENCE 
IN ACC DETERMINATION ASSOCIATED WITH PROTEIN 
4 
INTRODUCTION 
Evidence exists for the occurrence of l-aminocyclopropane-l-
carbojQ^lic acid (ACC) synthase in vegetative tissue (18, 28). ACC 
synthase catalyzes the conversion of S-adenoi^lmethionine (SAM) to ACC 
and 5*-methylthioadenosine and is reported to catalyze the rate-limiting 
step in the ^ nthesis of ethylene in plant tissues (.4, 8, 29, 30). The 
(NH^)gSO^-precipitated protein fraction of fruit or auxin-treated 
etiolated hypocotyl segments often is used for enzyme assay (21). 
Although pink tanatoes evolve high levels of ethylene and the specific 
activity of ACC synthase seems to account for the production of ethylene 
in tanatoes (17), it is unlikely that much ACC Q^nthase is present. ACC 
synthase accounts for less than 1% of the total protein fran tanato 
pericarp (1), and its turnover time is about 40 min (17). A(X synthase 
activity is increased by auxin (16, 24, 26, 27), injury (11, 15, 17, 
30), infection (10) and varies with the stage of plant development (4, 
17). 
Current methods for assay of ACC synthase are indirect and depend 
on enzymatic conversion of SAM into ACC, with subsequent chemical 
degradation of ACC to ethylene (28). Buffered SAM (fSl 8.5) is incubated 
at 30° C with the protein fraction from plant extracts for up to 4.5 h 
to allcw sufficient accumulation of ACC. After the incubation, the 
reaction tubes are placed on ice, and the ACC is degraded into ethylene. 
The observed activity of ACC synthase depends on the amount of ACC 
produced and the efficiency of ACC determination. In aqueous solutions, 
ethylene production is proportional to the amount of ACC present 
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(10 pmol to 1 umol), and the yield of ethylene produced is about 80% 
(19). Chemical degradation of ACC, and of other -amino acids, is 
promoted by various reagents (22). The use of HgCl2 and NaOH-NaCXZl is a 
simple, accurate assay method for ACC in aqueous solution (19). The 
effectiveness of the assay, however, is affected by plant extracts and 
time. Avocado extracts decrease the yield of ethylene during 
incubations longer than 15 min (19). Other difficulties that m^ occur 
with the assay include overestimation of the ACC content because of the 
presence of cyclopropylamine (19), ethanol, and other unidentified 
substances from plants that generate ethylene (7). An alternative 
method for the assay of ACC that is used to estimate the activity of ACC 
synthase employs pyridoxal Eiiosfiiate, MnClg, and alkaline 
solution to degrade ACC into ethylene. ACC is underestimated with this 
assay in the presence of large amounts of sugar alcohols, organic acids, 
amines or protein (4). 
Demonstration of ACC synthase activity in extracts from mature 
vegetative tissue is difficult. Enzyme activity in leaves, and 
occasionally fruit, cannot always be determined by using standard 
methods (3, 10, 16). Also, when the activity is detected, it is 
sometimes less than predicted (5, 11). Problems associated with 
determining ACC synthase activity in vegetative tissue may involve 
potential inhibitors (1, 16), rapid turnover (17, 18, 25), or 
interferences (4, 16). 
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The basal endogenous level of ethylene in healthy leaves of Poa 
pratensis is elevated by infection with Bipolaris sorokiniana (12). 
Preliminary work investigating the source of ethylene in this host-
pathogen interaction did not dononstrate consistent ACC synthase 
activity in healthy or infected grass leaves containing elevated levels 
of endogenous ethylene. Although evidence for an alternate pathway for 
ethylene biosynthesis in lower plants has been reported (9), no recent 
report of an alternate pathway in higher plants has received support 
(23). 
It is possible that problems associated with determination of ACC 
synthase activity in mature leaves of £. pratensis are due, in part, to 
interferences by substances in the tissue extract. This work describes 
(a) decreased specific activity of ACC synthase associated with high 
levels of protein in the tissue extract and (b) decreased detection of 
ethylene and subsequent determination of ACC in the presence of protein 
or the protein fraction from denatured tissue extracts. 
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MATERIALS AND METHODS 
Protein sources 
Bovine serum albumin (BSA, 99% pure from Sigma) and soybean protein 
(SBP, 91.5% pure from United States Biochemical Corp.) were tested for 
potential interference in the determination of ACC. Whole tomatoes 
purchased locally and leaf blades from vegetatively propagated Poa 
pratensis cv 'Newport' were extracted to obtain a protein fraction that, 
except for denaturation by boiling, was the same as the protein fraction 
used in the assay of ACC synthase from these tissues. 
extraction 
Whole tomatoes were quartered, immersed in liquid nitrogen, and 
freeze-dried for 2 days; grass blades were ground fresh. About 15 g of 
tomatoes (freeze-dried weight) or grass blades (fresh weight) were 
homogenized in 100 ml of ice-cold grinding buffer (50 mM K-PO^ 01 7.2, 
5% w/v (NH^)2S0^, 4 mM dithiothreitol and 5 uM pyridoxal phosphate) and 
about 10 g grinding sand (sea sand: Carborundum 80 grit 2:1 w/w) for 30 
min. The extract was filtered through four layers of cheesecloth and 
centrifuged at 20,000 X g for 10 min. The pellet was discarded, and the 
supernatant brought to 90% saturation with solid (NH^)2S0^. The 
suspension was allowed to stand for 30 min at 4° C before a second 
centrifugation at 20,000 X g for 10 min. A pellet and a coagulated 
layer that remained near the surface of the clear supernatant formed 
after centrifugation. The supernatant was discarded, and the pellet and 
the coagulated layer were redissolved with dialysis buffer (10 mM K-PO^ 
0Î 7.0, 0.1 mM dithiothreitol and 2 uM pyridoxal phosjiiate) and 
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constituted the (NH^)gSO^-precipitated protein fraction. This protein 
fraction was dialyzed overnight at 4° C with three changes of the 
dialysis buffer. After dialysis, the (NH^)2S0^-precipitated protein 
fraction was centrifuged at 20,000 X g, for 10 min. The protein 
concentration of this fraction was determined by the Bradford method (6) 
and, depending on the amount of protein desired, was diluted with 
dialysis buffer or concentrated by freeze-drying. The protein fraction 
was denatured by boiling for 15 min, and the protein concentration 
redetermined. This preparation and the pure proteins were used as 
potential sources of interference in ACC determination. 
Interference in âCQ determination associated with pçotein 
Ice-cold pure protein (BSA or SPB), or the denatured (NH^) 2^4~ 
precipitated protein fraction from tomato fruit or grass leaf blades was 
mixed with ACC (0.1 or 0.5 nmol ACC). If the treatment was a control, 
dialysis buffer was mixed with ACC (Sigma). The amount of ACC detected 
in the presence or absence of protein was determined according to (28) 
except that various concentrations of HgClg (10, 50, 100 mM HgClg) or 
HgBrg (10, 17 mM HgBrj) were used to catalyze the degradation of ACC 
into ethylene by the addition of NaOH-NaCXl. The conversion of ACC into 
ethylene with 10 mM HgClg in the absence of protein was 65-85%. This 
was considered to be the control and assigned a value of 100%. 
Efficiency of ACC determination in the presence of protein or various 
concentrations of HgClg or HgBrg was expressed as a percentage of the 
control or presented directly as the amount of ethylene detected. 
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Determination qL ethylene 
Ethylene concentration in the headspace of a sealed 12 x 75 mm 
reaction tube was determined by GC (injector 250° C, column 120° C, FID 
350° C). A 100 pi sample of the headspace gas was used for a single 
ethylene determination. A treatment consisted of a level of protein, 
ACC, and HgClg or HgBrj and was analyzed in duplicate. Each experiment 
was replicated at least three times. 
Assay of. synthase 
ACC synthase was extracted and assayed fran whole tomatoes 
according to Riov and Yang (21), except that 600 nmol SAM was used 
instead of 120 nmol SAM. Enzyme activity was expressed as nmol ACC 
formed during a 1 h incubation at 30° C per mg tomato protein. ïWo to 
four separate extractions, each assayed in duplicate, were used for 
determination of the specific activity of ACC synthase. Standard error 
of the mean (SEM) was determined by ANCVA. 
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RESULTS 
Determination q£. tomato ACS synthase activity SS. influenced pcptexn 
content gf. ibs reaction mixture 
Measurement of the specific activity of ACC synthase from tonato 
extracts was affected by the amount of (NH^)gSO^-precipitated protein 
fraction in the reaction mixture and the concentration of HgClg used to 
catalyze the conversion of ACC into ethylene (Fig. 1). The specific 
activity of ACC Q^nthase was decreased by up to 60% when large amounts 
of the (NH^)2S0^-precipitated protein fraction were assayed with 10 mM 
HgClg. Increasing the HgClg concentration to 50 mM approximately 
doubled estimates of specific activity, but did not completely overcome 
decreased specific activity associated with large amounts of the protein 
fraction. 
IntçFfçcsnce ACC determination protein 
Pure protein (bovine serum albumin, soybean protein) or the 
denatured (NH^)gSO^-precipitated protein fraction fran tomato or grass 
extracts were found to interfere with the detection of ethylene and, 
consequently, with the determination of ACC. The ACC content of 
solutions containing more than about 1.2 mg BSA m^ be underestimated if 
they are degraded with 10 mM HgClg (Fig. 2). Increasing the HgClg 
concentration five times allows more efficient ACC determination at 
these levels of protein. When the protein content was less than about 
1.2 mg BSA, 10 or 50 mM HgClg degraded ACC with equal effectiveness. 
Figure 1. Effect of large amounts of tomato protein on the 
determination of ACC synthase activity 
ACC was determined by using 10 or 50 mM HgCl2. Standard 
error of the mean (SEM) was 0.04 units of enzyme activity. 
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Figure 2. Effect of high concentrations of bovine serum albumin on 
ethylene chemically produced from 0.1 nMol ACC in the 
presence of 10 or 50 mM HgCl2 
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Figure 3. Effect of denatured grass protein extract on the chemical 
conversion of 0.5 nMol ACC into ethylene in the presence of 
10 or 50 mM HgCl2 
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Proteins from plant sources also interfere with the determination 
of ACC. Strong interference associated with protein from grass leaf 
blades (Fig. 3) and soybeans or tomatoes (Table 1) occurs when large 
amounts of these proteins are present in ACC solutions assayed with 
10 mM HgClg. The interference was decreased by increasing the HgClg 
concentration to 50 mM, 
The source of the protein, as well as its concentration and the 
level of HgClg used in the assay, m^ affect the determination of ACC. 
When solutions containing protein were assayed with 10 mM HgCl2 (Table 
1), decreased ethylene detection leveled off between 1,2 mg and 2.4 mg 
of either soybean or denatured tomato protein. However, 2.4 mg of 
soybean protein continued to decrease the efficiency of ACC 
determination when assayed with 50 mM HgCl2, but 2.4 mg of denatured 
tcmato protein did not. There was no difference in the extent of 
interference when either 0,5, 1.2, or 2.4 mg denatured tomato protein 
was assayed with 50 mM HgCl^; all were about 30% less than the control. 
Slightly less (15%) ACC was determined in the absence of protein when it 
was degraded with 50 mM HgCl2 as conpared with ACC degraded with 10 mM 
HgClg. 
The efficiency of ACC determination in the presence of either 
soybean protein or a denatured (NH^)^SO^-precipitated protein fraction 
from grass leaf blade extracts varied with the concentration of HgCl2 
(Table 2). Interference associated with protein seemed to be minimized 
when at least 50 mM HgCl2 was used. Increasing the HgClg concentration 
to 100 mM does not provide consistently greater recovery of ACC. 
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Table 1. Effect of soybean and denatured tomato protein on the 
chemical conversion of 0.5 nmol ACC into ethylene 
Ethylene detected (nl 1 
Protein content (mg) 
Protein type HgCl2 (mM) 0 0.5 1.2 2.4 
soybean 10 1633^ 806* 285* 251* 
soybean 50 1438* 1192* 1244* 782* 
tomato 10 1643® 1002* 398* 414* 
tomato 50 1361* 1183* 1063* 1169* 
SEM = 50 nl 1 ethylene for soybean. 
SEM = 67 nl 1 ^  ethylene for tonato. 
^Ethylene detected with 10 iitM HgClg minus SEP and tomato is the 
control in accordance with (28). 
•Denotes significant difference from control (P = 0,05). 
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No difference in etiiylene detection between levels of HgCl2 was found in 
the absence of protein in this experiment. Detection of ethylene was 
20-30% less than the control when ACC-protein solutions were assayed 
with 50 or 100 mM HgClg. When ACC was assayed with 10 mM HgCl2 in the 
presence of either protein, ethylene detection was decreased by about 
80%. 
The effectiveness of the mercury reagent was influenced by the 
anion and may be related to the lew solubility of H^rg (Table 3). 
Saturated HgBrg efficiently degraded ACC into ethylene in the absence of 
soybean protein, but it was ineffective in the presence of 1 mg soybean 
protein. In contrast, saturated HgClg promoted efficient ACC 
determination in the presence or absence of 1 mg soybean protein. 
The possibility that interference of ACC detection associated with 
(NH^)gSO^-precipitated protein fraction from plant extracts is due to 
some component other than protein is remote (Table 4). Treating a 
denatured protein solution with 10% TCA and subsequent centrifugation 
removes essentially all the protein. The supernatant had no significant 
effect on the detection of ACC as compared with equal volumes of the 
same solution that were not treated with TCA but contained 1.2 mg 
protein and decreased ethylene detection. 
Pgcpgaged activity of. aGG. synthase ^ protein 
Protein interferes with ACC determination (Table 4), and its effect 
on the determination of the specific activity of ACC synthase from 
tomato was examined. Increasing amounts of protein affect the 
determination of ACC synthase activity (Fig. 4). When increasing 
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amounts of denatured grass protein were added to a constant amount of 
tomato protein, the observed activity of the tomato ACC synthase 
decreased. Adjusting the observed activity by dividing it by the 
percentage efficiency of ACC detection at each level of total protein X 
100 could not entirely account for the decreased specific activity. 
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Table 2. Effect of HgCl^ concentration on the chemical conversion of 
ACC into ethylene with or without soybean or denatured grass 
protein 
Protein HgCl^ (mM) ACC (nmol) Ethylene detected (nl 1 ^ ) 
none 10^ 0.5 1594 
none 10^ 1.0 3095 
none 50 0.5 1618 
none 50 1.0 3209 
none 100 0.5 1496 
none 100 1.0 2986 
soybean (1 .7 mg) 10 0.5 335* 
soybean 10 1.0 533* 
soybean 50 0.5 1253* 
soybean 50 1.0 2406* 
soybean 100 0.5 1296* 
soybean 100 1.0 2406* 
grass (1.6 mg) 10 0.5 563* 
grass 10 1.0 1134* 
grass 50 0.5 1150* 
grass 50 1.0 2441* 
grass 100 0.5 1316 
grass 100 1.0 2753 
SEM = 103 nl 1~^ etl^lene. 
^Ethylene detected with 10 mM HgClg minus protein is the control in 
accordance with (28). 
*Denotes significant difference from control (P = 0.05). 
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Table 3. Efficiency of HgClg and catalyzed conversion 
of 0.5 nmol ACC into ethylene with or without soybean 
protein (ŒP) 
Regent Ethylene (nl 1"1) 
Minus SBP SBP (1 mg) 
10 mM HgClg 1174^ 220* 
50 mM HgCl^ 1238 933* 
130 mM HgClg (Sat.) 1041 1000* 
10 mM HgBrg 1109 211* 
17 mM HgBrg (Sat.) 1123 253* 
SEM = 40 nl 1 ^  eti^lene. 
^Etl^lene detected with 10 raM HgCl2 minus SBP is the control in 
accordance with (28). 
•Denotes significant difference from the control (P = 0.05). 
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Table 4. Effect of trichloroacetic acid (TCA) treated grass protein on 
the chemical conversion of 0.5 nmol ACC into ethylene 
ACC (0.05 nmol) was added to 0.5 ml of a denatured grass extract 
containing 1.2 mg protein (-TCA) or to 0.5 ml of the same solution 
previously treated with 10% TCA and centrifuged at 30,000 x g, for 30 min 
that contained no detectable protein (+TCA). The ACC was degraded into 
ethylene with 50 mM HgClg. 
Treatment Ethylene (nl 1 
Control^ 1241 
-TCA 1017* 
+TCA 1210 
SEM = 28 nl ^ ethylene. 
^Control contained no protein. 
•Denotes significant difference from control (P = 0.05). 
Figure 4. Effect of denatured grass protein extract on the specific 
activity of ACC synthase from tomato ACC was determined with 
50 mM HgClg 
A low (0.5 mg) amount of active tomato protein was mixed with 
increasing amounts of denatured (65° C, 15 min) grass 
protein, final volume was 0.6 ml. Percentage efficiency of 
ACC determination was estimated by adding 0.5 nMol ACC to 
each level of a denatured protein sample and assaying for ACC 
as above with 50 mM HgClg. Efficiency of ACC determination 
in the presence of denatured protein varied from 70 to 80% of 
the control assayed without protein. 
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DISCUSSION 
ïhe specific activity of ACC synthase from tomatoes was decreased 
when large amounts of the tomato extract are assayed with HgClg (Pig. 
1). The decreased specific activity probably was due to at least two 
factors: interference with ACC determination by protein and inhibition 
of ACC synthase associated with some component of the protein extract. 
Interference with ACC determination by high levels of a variety of 
proteins seems to be a general response, which is minimized by 
increasing the concentration of HgClg (Fig. 2, Fig. 3, %ble 1, %ble 2) 
and may explain the observation that avocado extracts decrease the yield 
of ethylene during incubations greater than 15 min (19). Determination 
of ACC synthase activity in vegetative tissues containing high protein 
content may be complicated by protein interference with ACC 
determination. Reactions of HgClg or ACC with the protein from tissue 
extracts or the reaction of HgCl2 with ethylene (2) m^ be related to 
decreased ACC determination and, consequently, decreased specific 
activity of ACC synthase assayed at high levels of extract protein. 
Hg reacts with protein sulfhydryl groups (20), and its catalytic 
effectiveness may be decreased when low concentrations are used to 
promote degradation of ACC in the presence of high levels of protein. 
O I 
Olefins are known to react with Hg (2), but no significant decrease in 
ethylene detection occurs with even saturated amounts (130 mM) of HgClg 
(Table 3). HgBr^ is unreactive with ethylene (2) and promotes efficient 
ACC detection in the absence of protein. However, the efficiency of ACC 
determination is decreased in the presence of protein and may be due to 
27 
the limited solubility of HgBi:2. ACC reacts with nvalonic acid and forms 
a physiologically inactive product (13, 14). Glutamic and aspartic 
acids make up 32% of the total amino acids of the soybean protein 
preparation. Snail molecules were removed fran the enzyme preparation 
by dialysis, but it is possible that carboxylic acid side groups of 
glutamic or aspartic acid in the protein preparation reacted with ACC 
and decreased the sensitivity of the assay. 
The occurrence of an inhibitor of ACC synthase has been reported 
(1). Adjusting the observed specific activity fcy accounting for 
inefficient ACC determination in the presence of protein suggests that 
an inhibitor of ACC synthase is associated with the protein fraction of 
grass extracts (Fig. 4). 
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SECTION II. EŒHYLENE PRODUCTION AND ACC SYNTHASE ACTIVITY OF 
SQRQKINIfiNft 
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INTRODUCTION 
Production of ethylene by some fungi is well documented (15). The 
amount of ethylene produced varies between species (2f 10) and seems to 
depend on the physiological state of the fungus (21) as well as the 
composition of the nutrient medium (3, 5, 10, 20, 23, 25). 
Ethylene seems to be produced by several mechanisms in fungi (12, 
17, 19, 30,). Although the enzymatic conversions were not demonstrated, 
[3,4-^^C]glutamic acid, [3,4-^^C]2-ketoglutaric acid, [2-^^C]acetate 
(8), [3-^'^C]pyruvate (12), or [3,4-^'^C]raethionine (Met) (5) are 
converted to radioactive ethylene by Pénicillium diaitatum. Induction 
of ethylene production by £. diaitatum varies with the method of fungal 
culture (5) and the concentration of phosjAiate in the media (6, 7, 20). 
When £. diaitatum is grown in static culture, glutamate induces ethylene 
production (5). Glutamate (20) stimulates ethylene production in shake 
culture containing lew amounts of phosjiiate (1 mH), and inhibits 
ethylene production when the ghos^jhate concentration is high (100 mM). 
In contrast. Met inhibits ethylene production in static culture and 
induces etlQ^lene production in shake culture with high levels of 
phosphate (5, 20). Inhibition of fungal growth is associated with Met-
stimulated ethylene production (5, 6, 20, 28). Met metabolites also 
seem to be involved in enzymatic and nonenzymatic production of ethylene 
by the culture filtrates (4, 5). 
Met, but not 2-ketoglutaric acid, stimulates ethylene production in 
the fungal pathogen of grasses, Drechslera araminea (27). Although 
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radioactive 2-ketoglutacic acid is converted into ethylene, it inhibits 
ethylene production in shake cultures of £. dioitatum if the gdios^ate 
concentration is low (20). Met-dependent ethylene production occurs in 
the pathogenic fungus Cylindrocladium floridanum (2). Ett^lene is 
produced enzynatically by mycelium and nonenzymatically from the culture 
media. In this fungus. Met, light, a flavinlike compound, and fungal 
metabolites may contribute to ethylene production. The different 
pathway(s) for ethylene production that occur in fungal plant pathogens 
m^ be related to their specific pathogenic mechanisms. 
Phosphate concentration seems to control ethylene production in 
shake cultures of £. dioitatum in the absence of exogenous glutamate or 
Met (6). Decreasing the phosphate concentration of the media from 
100 mM to 0.01 mM in shake culture, decreases colony fresh weight, 
protein content, respiration and ATP content, and increases ethylene 
production (6). Decreased growth is not believed to cause increased 
ethylene production because growth limiting levels of sugar or nitrate 
do not induce ethylene production (6). 
ACC synthase catalyzes the rate-limiting step in the synthesis of 
ethylene in higher plants, but its role in fungal ethylene production is 
unknown. Necrotic lesions and extensive chlorosis develop on leaves of 
£Qà pratensis infected with Bipolaris sorokiniana. Ethylene is probably 
responsible for the chlorosis that occurs late in disease development 
(14). The studies presented describe differential ACC and Met-
stimulated ethylene production and, ACC synthase activity of the fungal 
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pathogen of turfgrasses, B. sorokiniana (1). The results suggest that 
at least two pathways for ethylene formation exist in this pathogen. 
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MATERIALS AND METHODS 
Et±(viene production ÏSL Pipplacig goroKirû9P9 
The fungus was grown in static culture at 23° C in glass culture 
vials (18 ml total volume). Treatments consisted of a level of Met 
ranging from 0.01 to 10 mM and the presence or absence of both a 
nutritional source and the fungus. Each experiment was repeated three 
times and each treatment had two analytical replicates. Standard error 
of the mean (SEM) and least significant difference (LSD = .05) were 
determined by ANCVA. Nutritional sources used were either 75 mg fresh 
weight (15 discs cut with a #2 cork borer) of leaf blades of grass (Poa 
pratensis) or 250 mg dry weight of barley (Hordeum vuloare 1^.) seeds 
added to the vials. When the fungus was cultured on a larger scale, the 
same ratio of grass leaves or barley seeds to liquid was used. Grass 
leaf blade infusion (100 ml) or 5 g dry weight of barley seed and 100 ml 
distilled water was added to a 125 ml flask. The grass leaf blade 
infusion was prepared by boiling 150 g fresh weight of shredded grass 
leaves in 2 1 of distilled water for 1 h, removing the shredded leaves 
and diluting the infusion to 10 1. Solutions and nutrients were 
autoclaved for 30 min prior to the aseptic introduction of the fungus. 
Eti^lene production was determined for at least 9 d and the cultures 
were exposed to a 12 h photoperiod. The culture vials were alternately 
stoppered with styrofoam plugs during the day (12 h) and with serum caps 
at night (12 h) for gas accumulation. Ethylene production by the 
fungus cultured in 125 ml flasks was determined after 10 days of static 
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growth. Eîthylene produced during the assay period was determined ty 
injecting a 1 ml sample of the headspace gas fron the culture vials or 
flasks into the GC (injector 150° C, column 250° C, FID 350° C). 
Fresh. weight, md Protein determination 
sorokiniana was cultured for 10 days using the complex media 
described above and full (IX) or O.IX strength Czapek-Dox broth in 
125 ml flasks. The fungal nycelium was collected with a 60 um sieve and 
the fresh weight of the mycelium determined. Dry weight of the fungus 
was determined after 2 days of freeze drying (10 ul Hg, -50° C). All 
samples of the fungus from each treatment were combined and the protein 
content determined as previously described (9). A treatment consisted 
of the various culture media and the presence or absence of 1 mM Met. 
The experiment was repeated three times and each treatment had three 
analytical replicates. 
ACC synthase determination 
Fifty fungal cultures, grown in 125 ml flasks using barley seed 
infusion or grass leaf blade infusion with or without 1 mM Met were 
harvested after 10 days growth. The fungal mycelium was ground in 50 ml 
g r i n d i n g  b u f f e r  ( 5 0  m M  K - P O ^  7 . 2 ,  5 %  ( N H ^ ) w / v ,  4  m M  
dithiothreitol, 5 uM pyridoxal phosphate) with 5 g grinding sand (sea 
sand; Carborundum 80 grit 2:1 w/w) for 30 min. The suspension was 
centrifuged at 10,000 X a for 10 min and the pellet discarded. The 
s u p e r n a t a n t  w a s  b r o u g h t  t o  9 0 %  s a t u r a t i o n  w i t h  s o l i d  ( N H ^ ) a n d  
allowed to stand for 1 h. The protein suspension was centrifuged at 
10,000 X a for 10 min and the pellet redissolved in dialysis buffer 
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(10 mM K-PO^ gfi 7, 0.1 mM dithiothreitol, 2 pM pyridoxal gdiosgdiate) and 
dialyzed against 5 changes of dialysis buffer. The (NH^)2^0^-
precipitated protein fraction was centrifuged at 10,000 X a for 10 min. 
ACC synthase activity was immediately assayed by incubating 500 ul of 
the protein fraction with 100 ul of a premix containing buffered 
S-adeno^lmethionine (SAM) pH 8.5 for 4 h at 30° C. The final level of 
the premix components was 600 nmol SAM and 40 umol EPFS. ACC produced 
during the incubation was determined according to (29) except that the 
HgCl^ concentration was increased from 10 mM to 50 mM (9). 
iâCQ content af. nycelium aM culture filtrates 
The nycelium produced after 6 to 10 days of static growth on grass 
infusion or O.lX strength Czapek broth was collected on a 60 m sieve 
homogenized with 2 ml distilled water, and centrifuged at 10,000 X 3. for 
10 min. The supernataint was adjusted to 3 ml and assayed for ACC as 
described above. ACC content of the nycelium was expressed as pmol ACC 
g~^ fresh or dry weight. The culture filtrate (90-100 ml) was 
concentrated to 2 ml under reduced pressure, centrifuged at 10,000 X 3 
for 10 min and the supernatant diluted to 5 ml with distilled water. 
The ACC content of the filtrate was expressed as pnol ACC ml A 
treatment consisted of the day of growth and the presence or absence of 
1 mM Met in the culture media. Each treatment was replicated three 
times with two analytical duplicates per replicate. 
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PhostAiate âM total soluble solids (TSS) determination 
PhosjAiate concentration of the nutrient media was determined using 
a modification of the vanadomolybdophosphoric yellcw color method (16). 
Sample or standard phosphate solution (1 ml) was mixed with 1 ml of the 
HCl-vanadomolybdate reagent and diluted to 5 ml with water. Blanks 
containing either no gdiosphate or, the sample without the HCl-
vanadcMnolybdate reagent, were prepared. Absorption was measured at 400 
nm after 10 min and the jiiosjAiate concentration calculated by regression 
from a standard curve. 
An automatic tanperature compensated hand refractotneter (American 
Optical Model 10423) was used to determine the TSS of the nutrient 
media. Readings were made in degrees Brix, with 0.1 as the smallest 
scale reading, and were proportional to the concentration of soluble 
carbohydrates in the sample (24). 
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RESULTS 
Effect â£. Est an ethylene production E. eocokinisne 
Bipolaris sorokiniana produced no detectable ethylene when grown on 
either complex or synthetic media in the absence of exogenous Met 
(Tables 1, 2, 4). The addition of Met to the growth media stimulated 
ethylene production and affected the growth and differentiation of the 
fungus. When cultured with complex media and Met in small vials (Table 
If Table 2), the fungus exhibited peak ethylene production much earlier 
(4 d of growth) and produced much less ethylene than cultures grown in 
larger volumes of media (Table 4) that contained the same ratio of grass 
or barley to liquid as was used in the small vials. When cultured in 
snail vialsr peak ethylene production coincided with the formation of a 
surface mat of nycelium. 
B. sorokiniana was unable to use 1 mM Met as its sole carbon source 
and did not grow or produce ethylene in the absence of a nutritional 
source (Tables 1,2). Ethylene production was projxjrtional to the Met 
concentration (0.05-1.0 mM); additional Met did not promote more 
ethylene production (Table 3). When low levels of Met were supplied 
(0.05-0.10 mM Met), B. sorokiniana produced the maximum amount of 
ethylene 1 day earlier than when larger amounts of Met were available 
(Table 3). The total amount of ethylene detected when 1 mM Met was 
supplied was 464 pnol. If the amount of ethylene produced when the 
serum cap was off was the same as the amount detected when the gas was 
trapped, then doubling the detected amount of ethylene should 
approximate the total ethylene produced from 1 mM Met. Tîie calculated 
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production of ethylene represented 0.02% of the total Met applied. 
Effect Qg. mk on growth and differentiation ol g. sorokiniana 
Growth of jB. sorokiniana was decreased by the presence of Met in 
grass leaf blade infusion or Czapek-Dox broth, but not barley seed 
infusion (Table 4). When cultured on different media supplenented with 
1 mM Met, B. sorokiniana produced the greatest amount of ethylene on 
those media that supported the least gain in fresh weight (O.IX strength 
Czapek-Dox broth or grass leaf blade infusion). When cultured on richer 
media (IX Czapek-Dox broth, or barley seed infusion) supplemented with 
Met, the fungus produced more fresh weight and less ethylene. 
Ethylene production was inversely proportional to fungal dry weight 
on all media tested except barley seed infusion (Table 4). Dry weight 
gain by JB. sorokiniana was inhibited by 1 mM Met only when the fungus 
was cultured on IX Czapek. Itie dry weight of the fungus cultured using 
IX Czapek with or without exogenous Met was much greater than when it 
was grown on any of the other media. The rich, complex media (barley 
seed infusion) with or without exogenous Met, and IX strength Czapek 
broth, supported the greatest fresh weight gain by the fungus. The 
protein content was increased (2 times) ty Met only when the fungus was 
cultured on grass infusion (Table 4). 
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Table 1. Ethylene produced by Bipolaris sorokiniana on barley seeds 
Barley seeds (250 mg dry weight) were autoclaved for 30 min in 5 ml 
of distilled water or 1 mM Met. B. sorokiniana was transferred to the 
media the following day (Day 0). Gas trapping started at 8 pm and 
continued for 12 h in the dark. Ethylene determinations were made the 
following morning after which the cultures were vented for 12 h with 
styrofoam stoppers in the light until the next trapping. 
Bipolaris 
Met Barley 1 2 3 4 
Day 
5 6 7 8 9 
ethylene (pmol) 
nd^ nd nd 3 nd 7 nd 2 nd 
nd nd nd 3 nd 1 nd nd nd 
nd nd nd 4 nd 3 nd 1 nd 
nd nd nd 3 nd 1 nd nd nd 
nd 2 nd 3 nd 2 nd nd nd 
nd nd nd 3 nd 2 nd 1 nd 
nd nd nd 3 nd nd 2 10 9 
nd 8 42 40 14 7 3 nd 2 
— + 
— + 
+ 
+ 
+ + 
+ + 
SEM = 2 pnol ethylene. 
LSD (.05) for Day 1 through 9: 1, 3, 3, 9 ,  2 ,  8, 2 ,  6 ,  10 pnol ethylene. 
^ot detected; detection limit = 1 pnol ethylene. 
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Table 2. Ethylene produced by Bipolaris sorokiniana on grass leaf discs 
Preparation of the Poa pratensis leaf disc (75 mg fresh weight) 
media and determination of ethylene were performed using the methods in 
Table 1. 
Treatment combination 
Bicolaris Day 
Met Grass sorokiniana 1 2 3 4 5 6 7 8 9 
ethylene (pmol) 
- - nd^ nd nd 5 nd nd 7 nd 1 
— — + nd nd nd 5 nd nd 2 nd nd 
— + - nd nd nd 6 3 5 7 8 1 
— + + nd 2 3 5 2 nd 1 nd nd 
+ - nd nd nd 4 nd nd nd nd nd 
+ + nd nd nd 2 nd nd 9 nd nd 
+ + - 3 2 4 9 8 12 15 15 17 
+ + + 1 14 206 251 84 39 34 20 16 
SEM = 11 pmol ethylene. 
LSD (.05) for Day 1 through 9; 0, 3 49, 25, 6, 8, 13, 10, 10 pmol 
ethylene. 
^Not detected; detection limit = 1 pmol ethylene. 
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Table 3. Methionine stimulated ethylene production of Bipolaris 
sorokiniana cultured on grass leaf disc 
Treatment 
Met (mM) 1 2 3 4 
Day 
5 6 7 8 9 
etl^lene (pmol) a 
0 ndb nd 3 nd 2 nd nd nd nd 
0.01 nd 1 1 1 1 nd nd nd nd 
0.05 nd 6 13 2 2 1 nd nd nd 
0.10 nd 7 25 17 4 nd 1 nd nd 
0.50 6 14 64 86 42 18 8 3 1 
1.00 8 13 70 161 105 45 26 20 16 
5.00 8 17 76 133 79 48 31 22 21 
SEM = 6 pmol ethylene. 
LSD (.05) for Day 1 through 9; 6 ,  6 ,  1 9 ,  3 0 ,  2 7 ,  1 6 ,  1 0 ,  7 ,  5 pmol 
ethylene. 
^as was trapped in the dark for 12 h and vented in the light for 
12 h as described in Table 1. 
^ot detected; detection limit = 1 pmol ethylene. 
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Table 4. Characteristics of Bipolaris sorokiniana cultures after 10 
days of growth on various media with or without 1 mM Met 
TcQatentg 
1 o o 
media Met ethylene F. wt. D. wt. protein sporulation 
(pmol) (g) (mg) (ug) 
O.IX Czapek^ 
grass inf. 
+ 
+ 
3423a^ 
2446b 
0.7269e 
0.7855de 
11.6f 
21.Ode 
66 
598 
lew 
low 
IX Czapek^ 
barley inf. 
+ 
+ 
866c 
382d 
1.1245c 
1.9330a 
50.8b 
30.7c 
195 
917 
lew 
lew 
O.IX Czapek 
grass inf. 
-
nd9 
13e 
1.0340cd 
1.4288b 
13.6ef 
24.9cd 
72 
278 
low 
high 
IX Czapek 
barley inf. -
17e 
13 e 
1.7125ab 
1.7831a 
75.7a 
25.4cd 
176 
1003 
lew 
lew 
^Ethylene per culture (125 ml flasks) during 12 h in the dark. 
Three replicates with 3 samples per replicate were assayed. 
n 
Fresh and dry weight were evaluated and expressed per culture as 
above. 
3 
Nine mycelial samples were combined and the total protein present 
per culture was determined by the Bradford method. 
^O.lX Czapek phosjiiate concentration =0.7 mM, total soluble solids 
(TSS) = 0.4%. 
^LSD = 0.5; values with the same letter are not different. 
^Grass infusion phosphate concentration = 0.7 mM, TSS = 0.1%. 
7 
IX Czapek phosphate concentration = 7.0 mM, TSS = 3.8%. 
Q 
Barley seed infusion jAiospiiate concentration = 1.4 mM, TSS = 0.8%. 
Q 
Not detected; detection limit = 1 pmol ethylene. 
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Met inhibited sporulation but promoted abundant production of 
white, fluffy, aerial mycelium of sorokiniana when it was grown on 
grass infusion. When grown on grass infusion without Met, 
£• sorokiniana produced scant aerial mycelium and sporulation greatly 
increased. In contrast, when grown using barley seed infusion with or 
without Met, a thick mat (light mycelium on top with dark mycelium on 
the bottom) formed and few spores were produced. None of the media 
tested promoted extensive sporulation except grass infusion. 
KIQ stimulated ethylene production Èsy. B. sorokiniana 
Met (1 mM) stimulated 480% more ethylene than 10 mM ACC (Pig. 1). 
ACC at lower concentrations (1.0, 0.1 mM ACC) had very little effect on 
ethylene production. Peak ACC-stimulated ethylene production occurred 2 
days after peak Met-stimulated ethylene production. 
AGÇ synthase activity pi E- sorokiniana 
ACC synthase activity of the fungus cultured on grass infusion was 
highest in the absence of exogenously applied Met (Table 5). In the 
absence of Met, very little ethylene production occurred (Table 4). 
Addition of 1 mM Met to the culture media promoted ethylene production, 
but the activity of ACC synthase decreased (Table 5). There was 
considerable variation in the amount of ACC detected in the fungal 
protein preparation after 4 h incubation at 30° C in the absence of the 
substrate (SAM). Enzymatic formation of ACC seemed to occur because 
incubation of the fungal protein preparation with SAM resulted in 
detection of much more ACC. Also, boiling the fungal protein 
preparation prior to incubation with SAM seemed to denatured the fungal 
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proteins and resulted in no additional ACC production. 
In the assay of ACC synthase, the chromatograms showed the presence 
of a shoulder next to the peak that co-chronatographed with ethylene. 
Œhe unknown gas had a retention time slightly longer than ethylene but 
was not resolved fran the ethylene peak in most cases (Fig. 2). 
When the fungus was cultured on barley seed infusion, the activity 
of ACC i^nthase was much lower than when it was cultured on grass 
infusion (Table 6). Barley seed infusion supported much Icwer ethylene 
production by sorokiniana compared to when the fungus was grown on 
grass blade infusion (Table 4). Again, the activity of ACC ^nthase was 
decreased when the fungus was cultured in the the presence of 1 mM Met 
and the unknown gas with a retention time slightly longer than ethylene 
was observed. The activity of ACC synthase in £. sorokiniana did not 
correlate with Met-stimulated ethylene production. 
Nonenzymatic ethylene production tty. culture filtrates sf. E.. sorokiniana 
Ethylene was produced by Met-supplemented, autoclaved culture 
filtrates of B. sorokiniana (Table 7). Filtrates from the fungus 
cultured on O.IX Czapek-Dox broth without Met did not produce ethylene. 
2GÇ content o£ culture filtrates ^ id fungal mycelium af. &. sorokiniana 
ACC was detected in Met-supplemented O.IX Czapek-Dox filtrates of 
B. sorokiniana. but not in filtrates without exogenous Met. ïhe ACC 
content of mycelium was not affected by Met (Table:7, 8). Three times 
more ACC was detected in grass infusion filtrates of sorokiniana 
supplemented with Met as in filtrates without Met (Table 8). When 
£• sorokiniana was cultured on grass infusion without exogenous Met for 
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6 to 10 days, 30-40% less ACC was found in filtrates of the infusion 
compared to the initial ACC content of the grass leaf blade infusion 
(9 pnol ACC ml"^). 
Figure 1. Met (A) and ACC (B) stimulated ethylene production by static 
cultures of Bipolaris sorokiniana 
Note different scales. 
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Table 5. ACC synthase activity of Bipolaris sorokiniana mycelium 
cultured on grass leaf infusion 
Reaction Specific 
Medium^ mixture ACC^ ACC^ activity^ 
Met Extract Extract Extract mean 
(1 mM) protein pranix® 1 2 3 1 2 3 12 3 
- fungal - 33 241 0 0 0 0 
- fungal + 300 902 24 267 661 24 1302 1905 686 1298 
- boiled + 44 179 14 11 0 14 
+ fungal - 49 313 22 0 0 0 
+ fungal + 57 296 43 8 0 21 21 0 63 28 
+ boiled + 29 125 14 0 0 0 
^Cultures of B. sorokiniana were grown for 10 d on grass infusion 
with or without 1 mM Met. On day 10, the cultures were harvested and 
the protein fraction extracted and assayed. 
^ACC (pmol) detected after 4 h incubation at 30° C. 
^Corrected for protein extract incubated without pranix. 
^Specific activity; pmol ACC produced 4 h~^ mg protein 
®600 nmol SAM, 40 nmol EPFS pH 8.5. 
Figure 2. Photocopy of chromatograms fron Spectra-Physics SP4100 
computing integrator 
A) 1.0 ml of 1000 1 1~^ ethylene standard (helium balance), 
retention time 0.90 min. B) 1.0 ml of headspace gas 
generated during degradation of 500 pmol ACC using 100 ',,1 
each of 50 mil HgClg and 5% NaOCl mixed with saturated NaCXi 
(2:1 v/v) C) 1.0 ml headspace gas generated during 
degradation of reaction products formed after incubation of 
500 ^ 1 fungal protein preparation with 100 ,^1 buffered SAM 
for 4 h at 30° C. 
I . 3 O E R 0  
I  (  1 0 B H 1  
J -
62 
I  . 1 0 B H 1  
I Z B P M l  
^  .  S I  
90 
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Table 6. ACC synttiase activity of Bipolar is sorokiniana mycelium 
cultured on barley seed infusion 
Reaction Specific 
Medium® mixture ACC^ ACC^ activity^ 
Met Extract Extract Extract mean 
(1 mM) protein premix® 1 2 1 2 1 2 
- fungal ndf 0 nd 0 
- fungal + 23.9 26.9 17.0 11.3 28.5 17.9 23.2 
- boiled + 6.9 15.6 0 0 
+ fungal nd 2.2 nd 0 
+ fungal + 15.3 30.3 8.7 10.6 12.2 12.5 12.4 
+ boiled + 6.6 19.7 0 0 
Cultures of B. sorokiniana were grown for 10 d on grass infusion 
with or without 1 mM Met. On day 10, the cultures were harvested and 
the protein fraction extracted and assayed. 
^ACC (pmol) detected after 4 h incubation at 30° C. 
^Corrected for boiled protein extract. 
^Specific activity; pmol ACC produced 4 h~^ mg protein"^. 
®600 nmol SAM, 40 umol EPFS pH 8.5. 
^Not determined. 
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Table 7. Nonenzymatic ethylene formation from culture filtrates and ACC 
content of Bipolaris sorokiniana 
B. sorokiniana was cultured statically with 100 ml of O.lX 
Czapek broth for 10 days. Ett^lene that accumulated in the headspace of 
the sealed culture flasks (irycelium + media) was determined on the 10th 
day during a trapping period of 12 h. The fungal mycelium was separated 
from the culture media using a 60^ sieve and the ACC content of the 
mycelium determined. The filtered culture media was autoclaved for 30 
min and vented for 12 h. After venting, the flasks containing the 
autoclaved media were sealed and the ethylene that accumulated during a 
12 h trapping period determined. The autoclaved filtrate (100 ml) was 
then concentrated under reduced pressure and the ACC content determined. 
Sample Met ethylene ACC 
(1 mM) (pmol) content 
mycelium + media 
mycelium + media 
Czapek filtrate 
Czapek filtrate 
+ 3387 
17 
+ 4183 
36 
mycelium + 677^ 
mycelium - 415 
Czapek filtrate + 15^ 
Czapek filtrate - nd*^ 
^ACC content = pnol ACC rag~^ dry weight. 
^ACC content = pmol ACC ml~^. 
"^ot detected; detection limit = 1 pmol ACC. 
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Table 8. ACC content of mycelium and culture filtrates of Bipolaris 
sorokiniana grown on grass infusion 
g. sorokiniana was cultured on grass infusion^ with or without Met. 
The mycelium was extracted with 2 ml distilled water and the ACC content 
of the extract determined. The culture filtrate was concentrated and 
the ACC content determined. 
Day Met filtrate mycelium 
(1 mM) ACC content 
(pnol ml~^) (pmol g~^ fresh wt.) 
6 + 13 110 
6 - 5 62 
7 + 13 67 
7 - 5 90 
8 + 20 189 
8 - 6 156 
9 + 24 167 
9 - 8 146 
10 + 22 90 
10 _ 8 93 
^Initial ACC content of grass infusion was 9 pnol ml 
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DISCUSSION 
ïhe precursor of ethylene in higher plants. Met, stimulated 
ethylene production in static cultures of £. sorokiniana grown on 
various media (Tables 1, 2, 4). Ethylene production was directly 
proportional to the Met concentration to 1 mM (Table 3), but was 
inversely proportional to growth and not directly related to either the 
phosphate concentration or the TSS of the media (Table 4). Ethylene 
production by sorokiniana in response to Met seems to be different 
from Met-induced ethylene production of £. digitatum. Met inhibited 
ethylene production by £. digitatum when it was cultured statically (5) 
or, had an inconsistent effect on ethylene production in shake cultures 
of P. digitatum that contained low concentrations of phosphate (20). 
Lew jAiosphate concentrations may stimulate ethylene production in 
E. sorokiniana (Table 4), but it does not seem to be the only factor 
involved. When cultured on low fiiosfiiate medium (O.IX strength Czapek), 
maximum ethylene production occurred, but with minimal fungal growth. 
When a medium with a higher jAiosphate concentration was used (IX 
strength Czapek), ethylene production decreased and growth increased 
(Table 4). When cultured on barley seed infusion, however, 
B. sorokiniana generated the lowest amount of ethylene even though 
IX strength Czapek had a higher (5 times) phosphate concentration. 
Also, O.IX strength Czapek and grass infusion had equal phosphate 
concentrations, but the ethylene production of l. sorokiniana cultured 
with grass infusion was less than when it was cultured with 
O.lX strength Czapek (Table 4). However, like £. floridanum (2) and 
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P. diqitatum (5), g. sorokiniana probably produced ethylene 
nonenzymatically from metabolites of Met (4) (Table 7). 
When sorokiniana was cultured in small vials with complex media 
supplemented with 1 mM Met, peak ethylene production occurred much 
earlier than when the fungus was cultured in larger volumes of media 
(Tables 1, 2, 4). Ihis response probably represented a rapid depletion 
of the nutrient supply by the fungus resulting in decreased ethylene 
production. 
Met has been shown to be effectively metabolized to COg and 
ethylene by £. diqitatum (17, 19). Although ethylene production by 
B. sorokiniana was proportional to the exogenous Met concentration 
(Table 3), only a small percentage (0.02%) of the Met seemed to be 
converted into ethylene. %e remaining Met may have been taken up (1) 
and was probably metabolized to ODg or incorporated into protein or 
secondary metabolites. 
The growth and development of E. sorokiniana was dramatically 
affected by Met (Table 4). Met decreased growth and sporulation when 
the fungus was cultured on grass leaf blade infusion. In contrast, when 
cultured with barley seed infusion, a much richer medium containing 
8 times more TSS than grass leaf blade infusion, sporulation of 
JB. sorokiniana was minimal with or without exogenous Met. This agrees 
with reports that sporulation may be associated with exhaustion of 
nutrients although the relationship is complex (22). The inverse 
relationship between Met-stimulated ethylene production and growth or 
sporulation of £. sorokiniana when cultured with grass leaf blade 
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infusion was similar to previous observations (3). Ethylene production 
is associated with decreased growth and ATP content of £. digitatum (6). 
Additionally, ethylene seems to have no direct effect on fungal growth 
or developnent (28). Therefore, it is speculated that in addition to 
events that decrease the ATP content (6), if Met-induced ethylene 
production in £. sorokiniana results in a significant loss of respirable 
carbon, then these factors interact to limit the ability of the 
fungus to grow. Met also may be toxic to £. sorokiniana as has been 
demonstrated in other plants (26). 
ACC stimulated ethylene production, but its efficiency was much 
less than Met. Also, the kinetics of ACC and Met-stimulated ethylene 
production were different (Fig. 1). If uptake of ACC is not limiting, 
these results imply that ethylene production induced by ACC may occur by 
a mechanism different from that induced by Met. Alternately, ethylene-
forming enzyme in the fungus may either have lew activity or, unlike 
higher plants, require induction. 
ACC synthase activity was detected in £. sorokiniana. Activity was 
greatest in cultures grown on grass leaf blade infusion in the absence 
of exogenous Met. Met (1 mM) dramatically stimulated ethylene 
production by Ê. sorokiniana (Table 4) but, the activity of fungal ACC 
i^nthase decreased (Table 5, Table 6). The ACC synthase activity did 
not correlate with Met-induced ethylene formation which supports the 
possibility that Met and ACC induce ethylene production fcy separate 
mechanisms. Tîie activity of ACC synthase of the fungus when cultured on 
barley seed infusion was much lower than when it was grown on grass 
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infusion and correlated with the decreased capacity of the fungus to 
produce ethylene when grown on the rich substrate. Met cilso decreased 
the activity of ACC synthase when the fungus was cultured on barley seed 
infusion. An unidentified gas was generated during the assay for ACC 
synthase. It was not always resolved fran the ethylene peak and had a 
slightly longer retention time (Fig. 2). ïhis gas seemed to be 
associated with the fungal protein preparation because it was observed 
in most samples whether or not the fungal protein was incubated with 
SAM. ïhe unresolved gas increased the area of the ethylene peak that 
was integrated, and it probably accounted for an error of 10 to 20%. 
The occurrence of ACC in synthetic media culture filtrates, but not 
the mycelium of &. sorokiniana. was dependent on the addition of Met. 
When the fungus was cultured on Czapek broth, ACC was found in the 
mycelium, but not in filtrates of the culture media unless Met was 
supplied (Table 7). Grass infusion contained an initial ACC content of 
about 9 pmol ml~^ (Table 8). When B. sorokiniana was cultured on the 
grass infusion without exogenous Met (Table 8), 30 to 40% less ACC was 
detected in filtrates of the infusion than the amount of ACC initially 
present. It is speculated that the fungus took up ACC from the 
infusion. In contrast, the fungus apparently secreted ACC into the 
infusion when Met (1 mM) was available as the ACC content of the 
filtrate doubled after 6 to 10 days of growth (Table 8). Ihe 
differential utilization of ACC may reflect the nutritional status of 
the medium. In lew nutrient medium (grass infusion), the fungus may 
have metabolized ACC like other infusion components. When Met was 
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supplied, it was probably respired (17, 19), but also contributed to ACC 
and ethylene production. The capacity of the fungus to convert ACC into 
ethylene seemed to be limited (Fig. 1), therefore, as ACC was produced, 
it either diffused, or may have been secreted into the culture medium. 
The accumulation of ACC and possibly Met metabolites (which may be 
metabolized to ethylene) into the culture medium be related to the 
ability of the fungus to be pathogenic. The potential secretion of ACC 
from the fungal mycelium into host tissue might result in its conversion 
to ethylene fcy the constitutive, etl^lene-forming enzyme of the higher 
plant. This may, in part, account for the chlorosis associated with 
infection by this pathogen (14). However, complications exist. 
In vitro ACC synthase activity was highest when Met was absent, but 
little ethylene was produced and no ACC could be detected in synthetic 
culture medium. The addition of Met to the culture medium of 
È. sorokiniana decreased the in vitro enzyme activity, but promoted high 
ethylene production and stimulated ACC secretion into culture filtrates. 
The in vitro activity of ACC synthase was assayed with very high 
substrate concentrations and may not correlate with either ethylene 
production by this fungus or, its ACC content (11, 13). Ethylene is 
probably produced nonenzymatically from fungal metabolites of Met 
(2, 4, 5) (Table 7). Also, ACC is detected in filtrates of synthetic 
medium only when exogenous Met is supplied to the fungus (Table 7). The 
activity of ACC synthase was affected by Met (Table 5, Table 6) and 
subtle control of its activity or the endogenous concentration of SAM 
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may have occurred In vivo and was sirnply not observed in these 
experiments (13). 
The production of ACC by the fungal pathogen is of conjectural 
interest relative to symptom expression of the leaf spot disease induced 
by B. sorokiniana. If secretion of ACC and subsequent ethylene 
production are related to pathogenesis, then Met or other precursors of 
ACC must be present in host tissue. The mean Met content of the grass 
leaf blades utilized in this stuc^ was 17 nmol mg~^ dry weight. If the 
major portion of the Met in leaves was associated with protein, then 
either the fungus must possess proteolytic activity or it must induce 
auto-proteolysis in the leaf. Also, a time lag is e:gected between 
ingress of the fungus and the appearance of symptoms that ultimately 
result from protein décomposition. Met release, ACC formation and 
subsequent ethylene production which may be associated with tissue 
injury. Evidence has been presented that ethylene functions late in 
pathogenesis of leaf spot (14), but the proteolytic capacity of the 
fungus is unknown. 
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SECTION III. ETHYLENE BIOSYNTHESIS IN LEAVES OF 206 
RESPONSE TO INFECTION BY BIPOLARIS SOROKINIANA AND INJURY 
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INTRODUCTION 
Ethylene production diseased (6, 9 ,  16, 19, 22, 25), stressed 
(14, 18, 26) or mechanically wounded (1, 12, 13, 15, 24, 31) plant 
tissue has been studied extensively. Ethylene has been associated with 
disease and may be, in part, responsible for symptom expression in sane 
host-pathogen interactions (2, 9, 20, 21, 22). The biosynthesis of 
ethylene in higher plants and fungi seems to occur by different pathways 
(4, 21, 29). Higher plants infected with fungi also seen to produce 
ethylene Ly means different from those in mechanically wounded or 
healthy plants undergoing changes in development (16, 19, 25). Ethylene 
synthesis is thought to be regulated fcy auxin in vegetative tissue (28, 
30), although the other plant hormones are probably also involved (18). 
l-aminoçyclopropane-1-carboxylic acid (ACC) is the immediate precursor 
to ethylene in higher plants (29). Its content in healthy, uninjured 
vegetative tissue is usually low and wounding or stress is associated 
with increased levels of ACC and increased ethylene production (1, 13, 
14, 15, 26, 31). 
Ethylene produced by mechanical wounding does not seem to occur 
because of facilitated diffusion of existing ethylene through the 
wounded surface (24), or by decompartmentation of ACC (15). ACC 
synthase activity increases in response to wounding or stress and may 
result from increased mPNA (26) and protein synthesis (30, 31). The 
time lag between injury or auxin application and ethylene production is 
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often short (1, 18, 1 2 ,  1 3 ,  15) and may involve activation (13) or 
synthesis of ACC synthase (30, 31). Wound ethylene seems to be produced 
by irritated living tissue and the production declines as the majority 
of the tissue dies (14, 27). 
Disease-induced ethylene production has been attributed to 
mechanical injury of the host by the pathogen (3, 27). Mechanically 
injured tissue produces ethylene only briefly while infection causes 
sustained ethylene production (3). It has been speculated that if 
ethylene production by the host is only the result of physical injury, 
then the sustained infection-induced ethylene production may be the 
result of continuous injury by the growing pathogen (3). The research 
presented was initiated to determine the endogenous ethylene, ACC 
content, and ACC synthase activity of injured leaf blades of Poa 
pratensis and of leaf blades infected by Bipolaris sorokiniana. 
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iMATERIALS AND METHODS 
Mechanical wounding of £02. pratensis leaf blades. 
Leaf blades (0.5 cm wide) of intact Poa pratensis plants grown in 
7.5 cm square pots were rinsed with distilled water and crushed with a 
glass rod. Wounded regions on the leaf blade were about 1 cm in length 
and were separated by about 1 cm of unwounded tissue. Wounded plants 
were placed in plastic crispers containing 100 ml distilled water to 
reduce water loss frcm injured leaves. A period of time was allowed to 
elapse and a 10 cm section of the wounded leaf blade (about 0.5 g fresh 
weight) was taken for analysis of ACC content or ACC synthase activity. 
The gaseous atmosphere of the entire leaf blade was sampled when the 
endogenous ethylene content was measured (0, 20, 40, 60, 80, 120, 150, 
180, 240, 300, 360, 480, and 600 minutes after injury). Wounding 
produced water soaked areas but little change in fresh weight occurred 
if the plants were incubated in crispers. 
Infection of Poa pratensis by Bipolaris sorokiniana. 
Infection of intact leaf blades of pratensis was accomplished 
using a modification of a method previously described (9). 
B. sorokiniana was cultured on 20 ml of Bacto-agar (3% v/v) at 20° C on 
water-agar. A series of fungus infested strips of the agar (2 irni x 
2 cm) were placed on moist grass leaf blades with the fungus and upper 
surface of the leaf in contact. Inoculated plants were incubated in 
crispers at 23° C for up to 4 d with a 9 h photoperiod. Either a 10 cm 
section of the leaf or the entire leaf blade was used for determination 
of the ACC content, the activity of ACC synthase, or the endogenous 
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ethylene content as described above. Treatments consisted of a period 
of time after either mechanical wounding (0, 1, 2, 3, 4, 6, 10, and 
24 h) or inoculation (18, 24, 36, 48, 60, 72, and 96 h). Controls for 
inoculated or mechanically injured leaves were non-inoculated, healthy 
grass plants. Each treatment was repeated three times with two 
analytical replicates per treatment. 
Endogenous ethylene, ACC content, and ACC synthase activity. 
The endogenous ethylene content was determined using the gas 
extraction method previously described (9). ACC content of wounded or 
infected leaves was determined grinding about 0.5 g fresh weight of 
leaf tissue in 30 ml of distilled water. The extract was centrifuged at 
10,000 X j3 for 10 minutes and the pellet discarded. The supernatant was 
concentrated to 3 ml under reduced pressure, treated with 0.1 ml of 10% 
TCA and centrifuged at 30,000 X g, for 1 h. The pellet was discarded and 
the ACC content of the supernatant assayed. ACC in the extract 
supernatant was determined by mixing 0.1 ml of 50 mM HgCl2 with either 
0.1, 0.2, or 0.3 ml of the supernatant and the reaction mixture diluted 
to 0.6 ml with buffer (10 mM K-PO^ pH 7.0, 0.1 mM dithiothreitol and 
2 uM pyridoxal phospiiate). Samples were prepared in 12 X 75 mm tubes, 
sealed with a rubber serum cap, and 0.1 ml of NaOCl:NaOH solution (29) 
was injected to facilitate the degradation of ACC to ethylene which was 
detected by GC (29). Authentic ACC was added to another 0.3 ml sample 
of the supernatant or to 0.5 ml of the buffer for determination of the 
efficiency of ACC conversion to ethylene. Preliminary results shewed 
that less than 10% of the internal standard could be accounted for if 
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the extract was not treated with TCA prior to analysis. An example of 
results obtained using this method are shown in Table 1. The activity 
of ACC synthase was determined as previously described (23). 
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Table 1. Determination of ACC content 
Treatment Vol ACC^ ACC Adjusted ACC gram ^ EVJ 
(ml) (pnol) for standard 
(l)b (2) (1) (2) (1) (2) 
inoculated iC 
control^ 
standard® 
0.1 — 28 31 28 31 2727 2975 
0.2 - 57 60 57 60 2710 2940 
0.3 - 85 82 85 82 2775 2668 
0.3 + 135 133 85 83 2758 2686 
0.1 - 0 0 0 0 0 0 
0.2 - 0 2 0 2 0 90 
0.3 - 0 4 0 4 0 166 
0.3 + 42 54 0 4 0 155 
+ 52 48 
^Standard was 50 pmol ACC. 
^Sample (1) and sample (2) 
^ACC content measure 60 h after inoculation. Fresh weight = .45 g; 
final volume = 3.2 ml. 
^resh weight = .48 g; final volume = 2.9 ml. 
^Efficiency of conversion of ACC to ethylene was 73%. 
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RESULTS 
Endogenous ethylene. content, aid synthase activity ûf. 
mechanically wounded leaf blades ef ELâtensis. 
Mechanical injury increased the endogenous ethylene (Pig. 1), ACC 
(Fig. 2), and the activity of ACC synthase (Fig. 1). The activity of 
ACC synthase peaked 1 h after wounding and preceded the rise in the 
endogenous level of ethylene. The maximum level of endogenous ethylene 
occurred 2 h after wounding and decreased slowly for up to 6 h after 
wounding. The ACC content of mechanically wounded leaf blades peaked 
4 h after wounding and slowly declined (Fig. 2). The ACC content of a 
sample was directly proportional to the amount of extract assayed and an 
internal standard could be efficiently accounted for (Table 1). 
Endogenous ethylene, KQ. content, and ÊCQ synthase activity of. leaf 
blades ûf Rx. pratensis infected with sorokiniana. 
Infection of pratensis leaf blades with Ej. sorokiniana increased 
the level of endogenous ethylene and the activity of ACC synthase (Fig. 
3) and the ACC content (Fig. 4). Levels of endogenous ethylene were 
slightly higher than those observed after mechanical wounding and the 
ACC content was increased by up to 4 times during the early stages of 
infection when only slight symptom development had occurred and fcy 10 
times late in disease development. The ACC content of the diseased 
tissue peaked and declined twice before a massive accumulation 96 h 
after inoculation (Fig. 4). The activity of ACC synthase in infected 
leaf blades was about 5 times higher than that in leaf blades after 
mechanical injury. Maximum ACC synthase activity occurred late in 
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disease development (72 h) and preceded a large accumulation of ACC in 
the diseased tissue 96 h after inoculation. Maximal ACC synthase 
activity did not correlate with maximal ethylene production which 
occurred at 36 h. The endogenous ethylene in control leaves fluctuated 
but averaged about 2 pnol. The ACC content of control leaves was about 
0.2 nmol g~^ fresh weight. ACC synthase activity in healthy grass 
leaves was about 1 pnol ACC produced 4 h~^ mg protein 
Figure 1. Endogenous ethylene content and ACC synthase activity of 
mechanically wounded leaf blades of Poa pratensis 
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ENZYME ACTIVITY ETHYLENE 
TIME AFTER WOUNDING (min) 
Figure 2. ACC content of mechanically vraunded leaf blades of Poa 
ACC (nmol) g"^ fresh weight 
Figure 3. Endogenous ethylene content and ACC synthase activity of leaf 
blades of Poa pratensis infected with Bipolaris sorokiniana 
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DISCUSSION 
Infection and mechanical wounding of leaf blades of Poa pratensis 
increased ACC synthase activity. Increased endogenous ACC and ethylene 
associated with mechanical wounding occurred after ACC synthase reached 
maximal activity (Fig. 1). It seems likely that wounding stimulated 
production of ACC synthase and that this enzyme was responsible for 
increased levels of ACC and ethylene as in other tissues (1, 13, 31). 
Infection of 2*. pratensis leaves with sorokiniana results in 
massive lesion development, severe chlorosis, and destruction of host 
tissue within 96 h after inoculation. The increase in the endogenous 
ethylene of infected leaves (9) was confirmed in the present study 
(Pig, 3). Initial ethylene production by infected leaves may be 
analogous to the wound response of the host. The sustained ethylene 
production that occurs during disease development is probably due to a 
host-pathogen interaction (3). Elevated levels of ACC occurred rapidly 
and roughly paralleled ethylene content until late in disease 
development subsequent to infection (Fig. 4). Ethylene content 
decreased by 96 h after inoculation, but the ACC content increased 
sharply as the majority of the tissue was c^ing. This observation 
agrees with other reports that ethylene production in diseased tissue is 
associated with injured, not dead, cells (14). 
B. sorokiniana has been shown to produce ethylene from Met, possess 
ACC synthase activity, and seems able to secrete ACC into a synthetic 
culture media supplemented with Met (5). ^ sorokiniana. in contrast to 
higher plants, does not efficiently convert exogenous ACC into ethylene. 
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If uptake of exogenous ACC does not limit ethylene production, then it 
seems likely that the ability of this fungus to convert ACC to ethylene 
is lew (5). Accumulation of ACC probably represents an increase in the 
rate of its production or a decrease in the rate of its utilization 
(11). It seems possible that the early accumulation of ACC in diseased 
tissue may result frcra metabolism of both the wounded host and the 
pathogen. The sharp decreases in ACC content that followed early ACC 
accumulation may result from the constitutive ethylene forming enzyme of 
the host converting ACC formed by the pathogen into ethylene. Ethylene 
produced by this proposed interaction may relate to chlorosis that 
occurs in this disease. The massive accumulation of ACC 96 h after 
inoculation in c^ing or necrotic tissue occurred after maximal ACC 
^nthase activity and may represent loading of the largely cfying and 
necrotic host tissue with ACC produced ky the still actively growing 
fungus which does not seem to be able to convert the ACC to ethylene 
(5). This view is supported by the observation that ACC production and 
accumulation is restricted to cells surrounding necrotic lesions of 
virus-infected tobacco leaves (6). 
Synptan expression in this disease seans to be associated with 
injury of host cells and growth of the pathogen. A comparison of the 
changes in ACC ^ nthase activity, ACC and ethylene content reveal 
differences in the nature of damage induced by an infectious organism 
and simple mechanical injury. Only transient irritation to the tissue 
resulted from mechanical injury. ACC formed during injury was probably 
converted into ethylene or potentially metabolized to N-malonyl-ACC 
84 
(MACC) (10). It is speculated that if MACC is formed during injury, it 
might limit the potentially damaging effects of ethylene (17). 
Pathogenesis, in contrast to mechanical injury, may result in 
products of the pathogens metabolism interacting with the metabolism of 
the host. This is supported ty the early accumulation of ACC and its 
subsequent depletion. This host-pathogen interaction seons to be only 
temporary as Uie host is ultimately killed and the late accumulation of 
ACC probably represents the metabolism of the pathogen. 
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SUMI'lARY 
SECTION 1 
1. The specific activity of ACC synthase decreases when it is assayed 
with 10 mf/i HgClg in the presence of more than about 1.2 mg protein. 
2. Increasing the HgClg concentration to 50 iriM minimizes, but does not 
eliminate, the decrease in enzyme activity associated with protein. 
3. Protein from a variety of sources interferes v/itii the determination 
of ACC when ACC is assayed with 10 mf-î HgCl^. Increasing the HgCl2 
concentration minimized the interference. 
4. The decreased specific activity of ACC synthase associated with high 
amounts of denatured gross leaf blade protein is probably due to a 
combination of decreased efficiency of ACC determination and the 
presence of an inhibitor of ACC synthase in grass leaf blade 
protein. 
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SECTION II 
1. Met stimulates ethy].ene production in sorokiniana much more 
effectively tlrian does ACC. 
2. Ethylene production by ^  sorokiniana is linear v/itli respect to Met 
fron 0.05 to 1.0 mfi Met. 
3. ACC at concentration from 0.1 to 1.0 mM stimulate ver}' little 
ethylene production. Higher concentrations of ACC (10 mM) induce 
ethylene production but only about 30% of that produced by 1 itM Met. 
4. Met-induced ethylene production seems to be associated with 
decreased growth of sorokiniana. 
5. Met inhibits sporulation of B. sorokiniana. 
6. ACC synthase activity was detected in j&L sorokiniana and was highest 
when the fungus was cultured on an infusion of grass leaf blades. 
Culture of the fungus on an infusion of grass leaf blades 
supplemented v/ith 1 mM Met resulted in the detection of much lower 
ACC synthase activity. 
7. Bt sorokiniana seemed to secrete ACC into a synthetic culture medium 
(Czapek-Dox broth) when Met was provided. Tlie mycelial content of 
ACC did not seem to be affected by the presence of Met in the growth 
medium. 
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SECTTOM ill 
Mechanical wounding of leaves of Poa pratensis stimulated ACC 
synthase activity, increased the ethylene and ACC content. 
Infection of pratensis with ^  sorokiniana stimulated ethylene 
production. 
The ACC content of diseased leaves increased and decreased twice 
during disease development and accumulated as the majority of the 
leaf tissue died. 
Increased activity of ACC synthase was determined in the diseased 
tissue but it did not correlate with the initial increase in 
endogenous ethylene but preceded the massive accumulation of ACC 
late in pathogenesis. 
These observation suggest that the fungal pathogen is contributing 
to the development of the disease by producing ACC frem Met in the 
host. The constitutive host ethylene forming enzyme may convert the 
fungal ACC into ethylene which may be responsible for symptom 
expression in this disease. 
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